The steps from the precursor to the processed forms of a secreted glycoprotein (gA) of Marek's disease virus (MDV) and of herpesvirus of turkeys (HVT) were examined by two-dimensional gel electrophoresis of immunoprecipitates from the cell lysate and medium of infected cultures with monoclonal antibodies. Differences between MDVand HVT-gA were particularly observed in isoelectric points of the glycosylated or unglycosylated precursor forms.
Monolayer CEF were mockinfected (a, d, g,j) or infected with MDV BC/17 (b, e, h, k) or HVT 01/30 (c,f, i, l) and cultured for 48 h. For identification of unglycosylated forms, the infected CEF were preincubated for 1 h with medium containing TM ( 2 gg/ml), starved for 30 min in methionine-free medium containing TM, and then pulse-labelled with [35S]methionine in methionine-free medium containing TM for 10 min (a to c). For identification of precursor forms, the infected CEF were starved for 30 min in methionine-free medium, and then pulse-labelled for 10 min with [35S]methionine in methionine-free medium (d to f). For identification of processed forms, the infected CEF pulse-labelled as described above were incubated for 1 h in normal medium (g to 1). The cell lysates of the pulse-labelled CEF were immunoprecipitated with M34 antibody and the precipitates were analysed by 2D gel electrophoresis (a to f). The immunoprecipitates with M34 antibody from the culture media of the pulse-labelled and chased CEF were divided into two parts: one part was directly analysed by 2D gel electrophoresis (g to 0 and the other part was treated with neuraminidase for 1 h, and then analysed by 2D gel electrophoresis (jto l). The tool. wt. x l 0 -3 and pls of polypeptides are indicated on the right and upper or lower sides, respectively, of each spot.
oncogenic. In the present study, the structural differences in the steps of processing of gA of MDV and HVT were studied by immunoprecipitation of the materials with the monoclonal antibodies and then two-dimensional (2D) gel electrophoresis. The BC-1 strain of MDV at passage 17 (BC/17) was used as virulent low-passaged MDV, and the HVT 01 strain was used at passage 30 (01/30), as described previously (Ikuta et al., 1983b) . These viruses were passaged on chick embryo fibroblasts (CEF) prepared from 10-day-old embryos of specific pathogen-free chickens as described previously (Ikuta et al., 1981) . For pulse-labelling of cells, mock-infected or infected CEF were starved for 30 rain in methioninefree medium at 48 h post-infection, and then labelled for 10 min at 37 °C with 200 ~tCi/ml of L-[35S]methionine (1250 Ci/mmol). For pulse-chase, the pulse-labelled cells were washed with phosphate-buffered saline (PBS), and then cultured in normal medium for 1 h at 37 °C. For tunicamycin (TM) treatment, infected cells at 48 h were preincubated for 1 h in medium containing TM (Sigma) at a final concentration of 2 txg/ml, and then pulse-labelled with [3~S]methionine for 10 min after starvation in methionine-free medium for 30 min in the presence of TM. The method of production of hybridomas was as described elsewhere (Ikuta et al., 1982) . The monoclonal antibodies used here were cross-reactive M34 and M9 antibodies related to gA (Ikuta et al., 1983b) and major polypeptides of MDV and HVT (]kuta et al., 1984b), respectively. The techniques used for immunoprecipitation of virus-specific antigens from cell lysates or culture media with monoclonal antibodies, and 2D gel electrophoresis by isoelectric focusing followed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) were as described previously (Ikuta et al., 1983b) . The polyadenylated [poly(A) ÷] RNA fraction was isolated on oligo(dT)-cellulose (Collaborative Research, Waltham, Mass., U.S.A.) from total RNA extracted by the guanidinium thiocyanate procedure by the method of Chirgwin et al. (1979) . Poly(A) ÷ RNA was translated in vitro using a rabbit reticulocyte system (Amersham) and [3SS]methionine as a radioactive amino acid.
We examined the steps from the precursors to the processed forms of MDV-and HVT-gA by pulse-chase experiments, and by treatment of the glycoproteins with neuraminidase (0.04 units/ml, type X, Sigma) or TM. The results are shown in Fig. 1 .
The glycosylated and unglycosylated precursor forms of gA were identified by 2D gel electrophoresis of immunoprecipitates with M34 antibody from infected CEF pulse-labelled with [35S]methionine for 10 min at 48 h post-infection without and with TM, respectively (Fig. I a to f). TM is known to block the synthesis of N-linked oligosaccharides without inhibiting the attachment of O-linked oligosaccharides to the glycoprotein (Gahmberg et al., 1980) . Therefore, the term ~unglycosylated precursor forms' is used here to represent precursors that have no Nlinked oligosaccharides. Previous results from one-dimensional (ID) SDS-PAGE showed that the unglycosylated precursor forms of MDV-gA at both low (17th) and middle (42nd) passage levels gave a single band at 45K while those of HVT-gA gave a single band at 46K (Ikuta et al., 1983b) . After 2D gel electrophoresis, four spots of different isoelectric points (pI), 5.1, 5.3, 5.4 and 5-6, were identified as unglycosylated precursor forms in BC/17-gA ( Fig. 1 b) . In contrast to MDV-gA, the unglycosylated precursor forms of HVT-gA had more basic pls of 6.0 and 6.4 ( Fig.  1 c) . Therefore, HVT-gA differs from MDV-gA in the sizes and isoelectric charges of the unglycosylated precursor forms, possibly due to differences in the primary amino acid sequences of these precursors.
Other precursor forms of MDV-and HVT-gA were found in infected CEF cultured in the absence of TM after pulse-labelling for 10 min at 48 h ( Fig. 1 d to f) . Their pls were the same as those of the materials in TM-treated CEF. However, the four spots in the glycosylated precursor forms of MDV-gA were separated into two different groups of mol. wt. 61K and 57K (Fig. 1 e) while those of HVT-gA were of 54K ( Fig. l f) . This increased size could be due in part to the addition of sugars to the polypeptides. The reason for the appearance of two different mol. wt. groups is not clear. The MDV-45K and HVT-46K polypeptides detected in TM-treated CEF are probably processed to the precursor 61K and 57K polypeptides of MDV-gA and to the precursor 54K polypeptides of HVT-gA, respectively, by formation of an N-glycosidic bond.
For identification of the processed forms of MDV-and HVT-gA, the virus-infected CEF at 48 h were pulse-labelled with [35S]methionine for 10 min and then chased for Short communication 1135 60 rain. The processed forms were found mainly in the medium of infected cultures as shown previously (Ikuta et al., t983b) . On 2D gel electrophoresis of immunoprecipitates with M34 antibody from the media of infected cultures, the processed forms of MDV-gA were separated into heterogeneous spots with pls of 4.0 to 5-6 ( Fig. 1 h) . The processed forms of HVT-gA showed heterogeneous spots with pls of 4.0 to 6-0 ( Fig. 1 i) similar to those observed with MDV-gA. The processed forms of MDV-and HVT-gA appeared similar in sizes and pls, as reported by others (Van Zaane et al., 1982; Glaubiger et aL, 1983) . When the virus-infected cells at 48 h were labelled with [3H]glucosamine for 24 h and the immunoprecipitate with M34 antibody was subjected to 2D gel electrophoresis, it gave almost the same pattern as that of [35S]methioninelabelled cells (data not shown). In addition, the labelling of the infected cells with [3H]glucosamine for 24 h in the presence of TM was not significantly detected in the immunoprecipitates with M34 antibody. These results indicate that almost all the spots detected in Fig. 1 (h) and (0 contained carbohydrate. Treatment of the processed forms of MDV-and HVT-gA with neuraminidase resulted in alteration in charge as well as in mol. wt. (Fig. lj to/) , as shown previously (Ikuta et al., 1983b) . This result confirmed a previous finding (Ikuta et al., 1983b ) that both MDV-and HVT-gA are processed in part by sialylation. However, it is possible that the unglycosylated precursor forms detected in TM-treated cells may not be true precursors, since unglycosylated proteins are reported to be more susceptible to degradation (Schwarz et al., 1976) .
To investigate this possibility, we subjected the in vitro translation products of poly(A) ÷ RNA obtained from BC/17-infected CEF in a rabbit reticulocyte lysate to immunoprecipitation with M34 and M9 antibodies and analysed them by 1D SDS-PAGE (Fig. 2) . M9 monoclonal antibody reacted with a major MDV polypeptide of 92K in productively infected cells (Ikuta et al., 1984 b) . The polypeptide in the M9 antibody immunoprecipitate of the products translated in vitro was the same size as that of infected cells labelled in culture ( Fig. 2a, b ). This result indicated that complete polypeptides were synthesized in vitro in the reticulocyte lysate under the conditions used here. Immunoprecipitation of the translated products with M34 antibody also showed that a single MDV-specific polypeptide of 45K (Fig. 2d ) was obtained. This size was the same as that of the unglycosylated precursor form of BC/17-gA which was identified in infected CEF labelled in culture in the presence of TM (Fig. 2c ). On 2D gel electrophoresis of the in vitro translation products treated with M34 antibody, the same pattern of four spots was observed as with unglycosylated precursor forms of BC/17-gA ( Fig. 2e, f) . Glycosylation of polypeptides would not be expected to occur in the absence of microsome supplements in the rabbit reticulocyte in vitro translation system (Rothman et al., 1978) . Therefore, these results indicate that the unglycosylated precursor forms detected in TM-treated ceils are the complete nascent polypeptides.
For determination of whether the four spots detected in TM-treated cells by 2D gel electrophoresis were due to heterogeneity of the MDV strain used here, the BC-1 strain at the 20th passage was isolated from a single plaque and then passaged three times in CEF. On 2D gel electrophoresis, it gave four spots with the same pls as those shown in Fig. 1 (b) and 2(f) (data not shown). Therefore, these four spots do not seem to be due mainly to heterogeneity of the MDV used in the present work.
Previously we found that most virus-specific polypeptides in ceils productively infected with MDV or HVT possess cross-reactive antigenic determinants (Ikuta et al., 1983a) , although MDV and HVT probably have less than 5 % DNA homology under stringent conditions (Hirai Fig. 2 . In vitro translation of poly(A) ÷ RNA extracted from BC/I 7-infected cells. The poly(A) + RNA was purified from BC/17-infected or mock-infected cells at 48 h post-infection on oligo(dT)-cellulose by the method of Chirgwin et al. (1979) . In vitro translation was carried out with [3sS]methionine and a commercial reticulocyte lysate system. The translated products were immunoprecipitated with M9 (b) and M34 (d,J) antibodies and the immunoprecipitates were compared with the immunoprecipitates of BC/17-infected cell lysates labelled with [35S]methionine in culture at 48 h with M9 (a) and M34 (e, e) antibodies by 1D SDS-PAGE (a to d) or 2D gel electrophoresis (e,f). The mol. wt. x 10 -3 and pIs of MDV-specific polypeptides are indicated on the right and upper sides, respectively, of each band or spot.
